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(57) ABSTRACT 

The present invention relates to a system and method for 
generating a model for simulating systems of reacting spe 
cies comprising receiving a plurality of reaction formulas, 
determining a reaction rate expression for each of the 
received reaction formulas, and generating a model for 
simulating systems of reacting species using the received 
reaction formulas and the determined reaction rate expres 
sions. The present invention further relates to pruning the 
reaction list to deactivate one or more reactions in the 
reaction list based on one or more criteria, Such as threshold 
criteria. A graphical user interface may be used in connec 
tion with the present invention in various ways such that the 
reaction formulas may be received via a graphical user 
interface, the generated model may be displayed on a 
graphical user interface, the determined reaction rate expres 
sion may be modified via a graphical user interface, the 
generated reaction list may be displayed in a graphical user 
interface, and the generated species list may be displayed in 
a graphical user interface. Also, an output based on the 
generated model may be displayed, wherein the output 
displays the composition and temperature dependence of the 
system of reacting species. In addition, material and energy 
balances may be generated for the reacting species as input 
to a solver of partial differential equations. 
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SYSTEMAND METHOD FOR GRAPHICALLY 
CREATING MODELS FOR SIMULATING 

SYSTEMS OF REACTING SPECIES 

FIELD OF THE INVENTION 

0001. This invention relates to a system and method for 
graphically creating models for simulating systems of react 
ing species. More particularly, the invention relates to a 
system and method for receiving and simulating chemical 
reactions and transport. 

BACKGROUND 

0002 Certain types of reaction simulators known in the 
art operate by receiving a set of chemical reactions formulas 
and information about these formulas through data files of 
specific format. For example, CHEMKIN, a software pack 
age from Sandia National Labs, is able to interpret the data 
in these files and generate reacting species balance equa 
tions. ReactionLab, developed by Professor Michael 
Frenchlach at the University of California, Berkeley, is also 
able to interpret the data files containing reaction formulas 
and information. Because this is done by parsing the infor 
mation in data files of specific formats, the information 
about reaction thermodynamics, reaction kinetics, and trans 
port properties has to be included in Such file using a specific 
Syntax. 

SUMMARY 

0003. The present invention relates to a system and 
method for generating a model for simulating systems of 
reacting species comprising receiving a plurality of reaction 
formulas, determining a reaction rate expression for each of 
the received reaction formulas, and generating a model for 
simulating systems of reacting species using the received 
reaction formulas and the determined reaction rate expres 
sions. A reaction list of at least one reaction for at least one 
of the received reaction formulas may be generated. Also, 
the at least one reaction rate expression associated with one 
or more reactions in the reaction list at equilibrium may be 
eliminated, for example, based on one or more threshold 
criteria. Furthermore, at least one thermodynamic property 
and at least one kinetic property of each reaction in the 
reaction list may be determined. Additionally, a species list 
based on the received reaction formulas may be generated. 
At least one thermodynamic property and at least one 
transport property may also be determined for each species 
in the species list. Furthermore, at least one time dependent 
term and at least one concentration for at least one species 
at steady-state may be eliminated. 
0004 The present invention further relates to pruning the 
reaction list to deactivate one or more reactions in the 
reaction list based on one or more criteria, Such as threshold 
criteria. A user may modify the one or more criteria via a 
graphical user interface. 
0005. A graphical user interface may be used in connec 
tion with the present invention in various ways. For 
example, the reaction formulas may be received via a 
graphical user interface, the generated model may be dis 
played on a graphical user interface, the determined reaction 
rate expression may be modified via a graphical user inter 
face, the generated reaction list may be displayed in a 

Feb. 22, 2007 

graphical user interface, and the generated species list may 
be displayed in a graphical user interface. 
0006 Also, an output based on the generated model may 
be displayed, wherein the output displays the composition 
and temperature dependence of the system of reacting 
species. In addition, material and energy balances may be 
generated for the reacting species as input to a solver of 
partial differential equations. 

0007. The system of the present invention uses one or 
more of a receiving system, a reaction rate determination 
system, a model generating system, a display system, a 
reaction list generating system, an elimination system, a 
reaction property determination system, a pruning system, a 
species list generating system, a species property determi 
nation system, a material and energy balances generating 
system, and the like to implement the present invention. 

0008. The present invention also relates to a computer 
readable medium having instructions stored thereon for 
generating a model for simulating systems of reacting spe 
cies, which when executed by a processor, cause the pro 
cessor to carry out the steps necessary to implement the 
methods of the present invention, including, for example, 
receiving a plurality of reaction formulas, determining a 
reaction rate expression for each of the received reaction 
formulas, and generating a model for simulating systems of 
reacting species using the received reaction formulas and the 
determined reaction rate expressions. The medium may also 
include instructions for carrying out any of the other steps 
described herein with respect to the methods of the present 
invention. 

0009 Thus, the present invention provides a system and 
method for graphically creating models for simulating sys 
tems of reacting species. The user can type-in, or otherwise 
input reaction formulas directly into a graphical user inter 
face. These formulas are then parsed and used to create 
reaction rate expressions for each of the reaction formulas. 
In addition, a reaction and species list is also defined, and 
reaction rate expressions are automatically attributed to each 
of the species involved in the reaction formulas. The reac 
tion rate expressions may also be modified by a user by 
overwriting the automatically generated expressions. Dif 
ferent assumptions about reactions and species in the system 
for specifying equilibrium reactions, steady-state, and con 
stant concentration may also be selected by a user and new 
reaction rate expressions accounting for the user's modifi 
cations may be automatically computed. Furthermore, ther 
modynamic and transport properties, as functions of tem 
perature and composition, may also be automatically 
computed for a system of reacting species using a minimum 
of input in a graphical user interface. An output of material 
and energy balances may also be generated and sent to a 
solver of partial differential equations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 shows an exemplary system of the present 
invention. 

0011 FIG. 2 shows an exemplary method of the present 
invention. 

0012 FIG. 3 shows a graphical user interface for reaction 
formula inputting. 
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0013 FIG. 4 shows a reaction list produced by the 
method of the invention. 

0014 FIG. 5 shows a graphical user interface in species 
view, automatically created by the method of the invention 
from the reaction formulas. 

0.015 FIG. 6 shows a species list automatically created 
by the method of the invention from the reaction formula 
input. 

0016 FIG. 7 shows a graphical user interface for input 
ting polynomial coefficients that the method of the invention 
uses to generate the thermodynamic properties for the react 
ing System. 

0017 FIG. 8 shows a graphical user interface for input 
ting physical properties that the method of the invention uses 
to generate the transport properties of the species in the 
reacting System. 

0018 FIG. 9 shows a dialog box for selecting the type of 
fluid used by the method of the invention to determine 
thermodynamic and transport properties. 
0.019 FIG. 10 shows a dialog box used by the system to 
export a model to a solver of partial differential equations. 

DETAILED DESCRIPTION 

0020. As is described herein and illustrated by the accom 
panying figures, the present invention relates to a system and 
method for generating a model for simulating systems of 
reacting species comprising receiving a plurality of reaction 
formulas, determining a reaction rate expression for each of 
the received reaction formulas, and generating a model for 
simulating systems of reacting species using the received 
reaction formulas and the determined reaction rate expres 
S1O.S. 

0021 Referring to FIG. 1, an exemplary system 50 of the 
present invention is illustrated. System 50 includes a receiv 
ing system 51, a reaction rate determination system 52, a 
model generating system 53, a display system 54, a mate 
rials and energy balances generating system 55, a reaction 
list generating system 56, a species list generating system 
57, an elimination system 58, a reaction property determi 
nation system 60, a species property determination system 
61, a pruning system 62, a processor 64, and a memory 65. 
as well as any other Suitable systems or components, 
although system 50 could include other numbers and types 
of elements in other configurations. 
0022 Generally, system 50 is a system for generating a 
model for simulating systems of reacting species. According 
to an embodiment of the present invention, receiving system 
51 receives a plurality of reaction formulas, reaction rate 
determination system 52 determines a reaction rate expres 
sion for each of the received reaction formulas, and model 
generating system 53 generates a model for simulating 
systems of reacting species using the received reaction 
formulas and the determined reaction rate expressions. In 
addition, reaction list generating system 56 generates a 
reaction list of at least one reaction for at least one of the 
received reaction formulas. Reaction property determination 
system 60 determines at least one thermodynamic property 
and at least one kinetic property of each reaction in the 
reaction list. Pruning system 62 prunes the reaction list to 
deactivate one or more reactions in the reaction list based on 
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one or more criteria. Species list generating system 57 
generates a species list based on the received reaction 
formulas. Species property determination system 61 deter 
mines at least one thermodynamic property and at least one 
transport property for each species in the species list. Mate 
rial and energy balances generating system 55 generates 
material and energy balances for the reacting species as 
input to a solver of partial differential equations. Elimination 
system 58 eliminates at least one reaction rate expression 
associated with one or more reactions in the reaction list at 
equilibrium, at least one time dependent term for at least one 
species at Steady-state, and at least one concentration for at 
least one species at constant concentration. Display system 
54 displays the generated model, the generated reaction list, 
and the species list in a graphical user interface, and displays 
an output based on the generated model, wherein the output 
displays the composition and temperature dependence of the 
system of reacting species. 

0023 The methods and systems of the present invention 
may be implemented on any Suitable computer system or 
computing device. For example, the present invention may 
be implemented on workstations, PCs, laptop computers, 
PDAs, handheld devices, cellular telephones, wireless 
devices, other computerized devices, and the like. It is to be 
understood that the devices and systems of the exemplary 
embodiments are for exemplary purposes, as many varia 
tions of the specific hardware used to implement the exem 
plary embodiments are possible, as will be appreciated by 
those skilled in the relevant art(s). 
0024. Furthermore, the methods and systems of the 
exemplary embodiments may be conveniently implemented 
using one or more general purpose computer systems, 
microprocessors, digital signal processors, micro-control 
lers, and the like, programmed according to the teachings of 
the exemplary embodiments of the present invention, as will 
be appreciated by those skilled in the computer and software 
artS. 

0025. In addition, two or more computing systems or 
devices can be substituted for any one of the devices and 
systems of the exemplary embodiments. Accordingly, prin 
ciples and advantages of distributed processing, Such as 
redundancy, replication, and the like, also can be imple 
mented, as desired, to increase the robustness and perfor 
mance the devices and systems of the exemplary embodi 
mentS. 

0026. The present invention may also be implemented on 
computer systems that extend across any network using any 
Suitable interface mechanisms and communications tech 
nologies including, for example, telecommunications in any 
Suitable form (e.g., voice, modem, and the like), wireless 
communications media, wireless communications networks, 
cellular communications networks, G3 communications net 
works, Public Switched Telephone Network (PSTNs), 
Packet Data Networks (PDNs), the Internet, intranets, a 
combination thereof, and the like. 

0027. The present invention may also be embodied as a 
computer readable medium having instructions stored 
thereon for generating a model for simulating systems of 
reacting species, which when executed by a processor, cause 
the processor to carry out the steps necessary to implement 
the methods of the present invention. The medium may also 
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include instructions for carrying out any of the other steps 
described herein with respect to the methods of the present 
invention. 

0028. An exemplary method 70 of an embodiment of the 
present invention is illustrated in FIG. 2, although methods 
with other numbers and types of steps could be used. At step 
71, reactions formulas are input into the receiving system 51 
in the system 50. In this particular embodiment, an exem 
plary graphical user interface 100 in the display system 54 
for the system 50 is used to input reaction formulas into the 
receiving system 51 as shown in FIG. 3, although other 
manners for entering the reaction formulas could be used. 
More specifically, the graphical user interface 100 includes 
a reaction formula edit field 110 in which new reaction 
formulas may be entered or existing reaction formulas may 
be edited. For example, a user using a mouse and a keyboard 
can input new reaction formulas or edit existing reaction 
formulas in reaction formula edit field 110. 

0029. The graphical user interface 100 also includes a 
reaction kinetics properties page 120 for inputting and 
displaying kinetic properties, a reaction rate field 130 for 
editing and displaying reaction rate expressions, and a 
reaction type list box 150, although the graphical user 
interface 100 could have other numbers and types of fields. 
Reaction kinetics properties page 120 includes a plurality of 
fields including kinetic and thermodynamic information. For 
example, reactions kinetics properties page 120 may include 
fields for the forward rate constant (k), the reverse rate 
constant (k’), the equilibrium constant expression (K), 
forward and reverse fields for frequency factor (A), tem 
perature exponent (n), and activation energy (E), and reac 
tion rate (r). 
0030) Reaction rate field 130 is displayed in a manner 
that enables editing of the displayed reaction rate expres 
Sion. The displayed reaction rate (r) corresponds to the 
selected reaction formula displayed in reaction list 140 and 
in formula edit field 110. Any of the rate expressions in 
reaction rate field 130 may be modified by overwriting it to 
input any other reaction rate expression using the notations 
automatically generated by the system for the species 
involved in the system of reacting species. For example, a 
user can edit reaction rate expression field 130 by entering 
“-kf 1*c h’, thus changing the reaction order of the 
selected reaction to first order and only dependent on the 
concentration of species labeled “h”. Any expression of 
“c h” or any other species concentration label can be used 
for the manual input of reaction rate expressions. The 
possibility to manually define reaction rate expressions as 
analytical functions of the concentration of the automatically 
parsed species in a reaction formula in a graphical interface 
gives the user improved control over the reaction rate 
expressions. 

0031 Referring back to FIG. 2, in step 72 the operator of 
the system 50 can input one or more properties to be used in 
determining the species list. Additionally, in step 73 the 
operator of the system 50 can input one or more properties 
to be used in determining the reaction list. 
0032. In step 74, the reaction formulas input into system 
50 are parsed. The direct manual input and automatic 
parsing of reaction formulas to automatically generate reac 
tion rate expressions as provided by the present invention 
enables a user to have improved control over the modeling 
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process of the present invention. For example, assume a 
reaction formula, A+B=>C, is input directly into the graphi 
cal user interface using an intuitive syntax. The reaction 
formula, A+B=>C, is then automatically parsed, and the 
formation of C from A and B is identified as an irreversible 
reaction. The delimiters, “+” and “=>'', separate the species, 
and the parser uses the delimiter symbols to gain the 
information needed to derive the rate expression. The kinetic 
rate expression is then automatically computed by default 
from the reaction formula using the mass action law. In the 
example of A+B=>C, the reaction rate expression is 
r=k*cA*ct according to the mass action law, where k is the 
rate constant for the forward reaction, c and c are the 
concentrations of species A and B, respectively. As is shown 
in FIG. 3, a user may edit any of these fields as necessary to 
customize the results. 

0033. The mass action law is not always applicable to a 
reaction formula. For example, a reaction can comprise 
several intermediate steps involving intermediate species 
that are not included in the reaction formula. For this reason, 
the user is allowed to overwrite the automatically generated 
reaction rate expressions. The method will parse the new 
rate expression typed-in by the user by identifying the 
notations for the rate constants and species concentrations. 
This 'editable form refers to the fact that the field for the 
rate expression is both a displaying and an edit field. 

0034. In addition, the reactions may be labeled, and all 
expressions related to this reaction may be labeled as well. 
When this occurs, reaction rate field 130 is labeled accord 
ingly. If the reaction formula in reaction formula edit field 
110 corresponds to reaction labeled “1” then the reaction 
rate edit field 130 is labeled “r 1” by the system. The 
expressions “r 1 can be used in other parts of the system 
to refer back to the rate expression for reaction formula 
labeled “1”. The label remains unchanged even if reactions 
are removed from the model. The possibility of labeling and 
referring back to expressions in the edit fields in the reaction 
page is very advantageous. For example, a user can type 
“r 1 in the reaction rate field corresponding to reaction 
labeled “7”, thus overwriting the automatically generated 
rate expression, and the system will understand that the user 
wants to set the reaction rate for reaction 7 equal to that of 
the previously defined reaction 1. 

0035) The fact that the method labels different reactions 
is very advantageous for the user. For example, a change 
made by a user in an edit field for a chemical reaction 
automatically updates the labeled entities used in other parts 
of the systems, thus saving the user from tedious manual 
changes every time a reaction mechanism is changed. 

0036). In addition, according to an embodiment of the 
present invention, reaction rate terms in the material bal 
ances, which describe the system of reacting species, may be 
eliminated when using equilibrium assumptions. In this 
regard, a linear combination of the material balances, in the 
model of a system of reacting species, may be automatically 
computed in order to eliminate the reaction rate terms for 
reactions that are in equilibrium. The linear combination of 
n material balances leads to n-m material balance combina 
tions where m is the number of reactions at equilibrium. The 
remaining m equations required to properly generate the 
model are provided using the corresponding equilibrium 
equations. 
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0037. The possibility to eliminate reaction rate terms for 
reactions in equilibrium directly in a graphical user interface 
is very advantageous. It greatly simplifies the treatment of 
reactions that are substantially faster than others in a react 
ing system. The treatment of equilibrium reactions can be 
very important when setting up a model for the reaction 
kinetics in a system. The forward and backward reaction in 
an equilibrium reaction can be extremely fast, giving reac 
tion rate terms that are extremely large compared to other 
non-equilibrium reactions. In the numerical Solution of the 
concentration, temperature, and reaction rates in a system, 
these large reaction rates can lead to numerical instability. 
This instability can be avoided by eliminating the reaction 
rate expressions for the equilibrium reaction. This is exem 
plified in the procedure below. 
0038 Assume the reaction A=B exists at equilibrium in a 
given system. The rate expression for this reaction would be 
r=k*ca-k*ct according to the mass action law. The cor 
responding material balances for species A and B would then 
be expressed as: 

ÖCA 
+ W. NA + kf cA - kb CB = 0 t 

ÖCB 
+W, NB - kf cA + k, cB = 0 

where NA and N denote the flux vectors of species A and B, 
respectively, which in turn are functions of the concentra 
tions c and c. The reaction rate expressions in the above 
mass balances are eliminated by mathematical calculations. 
In the above case, it is obvious that the two equations should 
be added to give: 

+ W. (NA + NB) = 0. 

0.039 However, this yields one equation and two 
unknowns (cA and c). The second equation needed to solve 
the system is yielded by using the equilibrium expression: 

This is generally achieved, which implies that an equilib 
rium reaction can have an arbitrary number of species, with 
the elimination involving the corresponding number of mass 
balances. 

0040. In step 75, a list of reactions is produced by the 
reaction list generating system 56 from the parsed input 
reaction formulas and these reactions are illustrated in the 
reaction page 140 shown in FIGS. 3 and 4. The reaction page 
140, which is also referred to as reaction list 140, includes 
a reaction tab 210, a reaction selection 220, an active 
reaction checkbox 230, a new reaction button 240, and a 
delete reaction button 250, although the reaction page 140 
can include other types and numbers of elements in other 
configurations. Reaction tab 210 may be selected by a user 
to select reaction page 140. Reaction selection 220 indicates 
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one or more reactions that are selected by a user, for 
example, by clicking on specific reactions with the mouse. 
The user can modify the selected reaction via the graphical 
user interface 100. Active reaction checkbox 230 is a toggle 
box that may be checked for manual or automatic activation 
and deactivation of reactions in reaction list 140. A reaction 
may be deactivated by unchecking active reaction checkbox 
230 or by an automatic pruning process, as described in 
more detail below. When deactivated, a reaction will not be 
part of the model for simulating systems of reacting species. 
Species that exclusively take part in the deactivated reaction 
formula are also removed from the model. The 'New' and 
“Delete buttons 240 and 250 are used to add or delete 
reactions from reaction list 140, although other numbers and 
types of buttons could be used. 

0041 Referring back to FIG. 2, in step 86 the pruning 
process of the present invention automatically deactivates 
one or more reactions in reaction list 140. The reactions to 
be deactivated are selected based on an estimation of the 
magnitude of the reaction rate for each reaction and by using 
a relative threshold for the smallest reaction rate that should 
be included in the model of the system of reacting species. 
The use of pruning simplifies the modeling process. In 
addition, the user is given more control by allowing the user 
to visualize and modify the pruning process as needed. The 
ability to automatically prune the reaction list and to enable 
a user to specify the pruning criteria directly in a graphical 
user interface is very advantageous. 

0042 Pruning can be done in a number of different 
fashions. One example is the use of the relative magnitude 
of a reaction in a reacting system. If a reaction has a rate 
Smaller than a given fraction of a measuring reaction, then 
this reaction is removed from the model. For example, 
assume that species A can react in two different reactions: 

which results in the following mass (material) balance for 
species A: 

ÖCA 
W . NA + k f. 1 CACB + k f2 CA CD = 0. 

0043. If the first reaction is used as reference, then the 
rate of the second reaction can be measured as a fraction of 
the first one: 

k F.2CA CD f, = fraction. 
kf.1 CACB 

0044) If this fraction is smaller than a threshold e, then 
the second reaction is removed from the model. If the second 
reaction is neglected, using automatic pruning, then the 
automatically computed mass (material) balance for A 
becomes: 
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ÖCA 
W . NA + k f. 1 CACB = 0. 

For a very small e, the contribution of the second reaction to 
the consumption of A is negligible. This also implies that the 
species that only take part in the second reaction are 
removed from the model (their mass balances are removed). 
The reactions contribution to the energy balance is also 
removed. 

0045 Another possible pruning strategy is to prune based 
on concentrations. For example, if the relative concentration 
of a species is Smaller than that of a measuring species, then 
the mass balance for this species may be removed from the 
model. 

0046. In step 76, a list of species also is automatically 
generated by the species list generating system 57 based on 
the parsed input reaction formulas included in reaction page 
140 shown in FIG. 3. To display this list of species, the 
species tab next to the reactions tab at the top of the reactions 
page 140 in the graphical user interface 100 is selected by 
the user using a mouse or other input device. When the 
species tab 310 is selected, the graphical user interface 300 
shown in FIG. 5 is displayed by the display system 54 of the 
system 50. 
0047. Each species in species list 320 is uniquely labeled 
according to the formula in species formula edit field 330. In 
species formula edit field 330, species labeled “h2o auto 
matically generates other entities and properties labeled 
accordingly, for example the concentration of “h2o' is 
labeled “c h2o. The expressions in the graphical user 
interface 300 are labeled correspondingly and can be used 
by a user by typing Such an expression in other parts of the 
graphical user interface. For example, the method labels rate 
expression 350 to “r h2o since it is associated to species 
h2o. When a user types “r h2o' in the rate expression edit 
field for species labeled “cl”, thus overwriting the automati 
cally generated rate expression for cl, the system under 
stands that rate expression “r cl” should be equal to that of 
“r h2o. in this case setting the reaction rate for cl equal to 
that of h2o. This gives the user the ability to dynamically 
relate the selected reaction or species to other reactions and 
concentrations, or any other entity labeled in that step. This 
grants that the modification of a reacting system is made 
consistently upon a modification in one reacting step. 
0.048. In addition, the species type may be specified in 
species type list 340. A user can select a species type as 
steady-state or solvent by using species list 340, which 
modifies the default definition of a species in a model. In the 
former, the time derivative of the species concentration, 
selected as steady state species, may be set to Zero in the 
material balances in the model of reacting species. In the 
latter, a constant activity or concentration for the species 
concentration selected as solvent may be set and the material 
balance for the solvent species in the model of the reacting 
system may be removed. The transport and thermodynamic 
properties are automatically adapted to account for the 
existence of a solvent species, which dominates the prop 
erties of the fluid. 

0049. The concentration of a species in a common react 
ing system may be assumed to be at steady state, i.e. that its 
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time derivative is Zero. This assumption does not imply that 
concentration is constant in the space dimensions x, y, and 
Z. Therefore, a species at steady state is not removed as an 
unknown in the system of reacting species. The issue of a 
Solvent is more general. If a system has a solvent with a 
completely dominating concentration, the concentration of 
that solvent is not significant altered by the reacting system. 
The concentration of the solvent can thus be removed as an 
unknown in the system. However, the Solvent concentration 
is needed to determine the thermodynamic and transport 
properties of the system, which are accounted for by having 
the user define the concentration or activity of the solvent. 
0050. The automatic generation of a species list and 
labeling of species concentrations by parsing of reaction 
formulas in the graphical user interface 300 is very advan 
tageous. Reaction steps may then be easily added to the 
system 50 and the species list on the species page 320 will 
be automatically updated accordingly. This enables a user to 
refine a model by, for example, adding intermediate steps in 
a reacting system without having to redefine the entire 
system. 

0051. The present invention also provides for an auto 
matic evaluation of all contributions to the consumption or 
production of a species from reaction rate field 130 for all 
reactions involving the selected species and displays these 
contributions in rate expression edit field 350. The automatic 
generation and displaying, in a graphical user interface, of 
an editable reaction rate expressions for all contributions 
involving a specific species is very advantageous. 

0052 All of the reaction terms in a mass balance for a 
single species are assembled. The transport and accumula 
tion of a species is then set equal to its consumption or 
production in the mass balance. This is generally expressed 
by the equation below: 

where R, denotes the reactions j that species i takes part in. 
0053. In addition, the present invention provides for the 
manual setting of a constant activity, concentration, weight 
or molar fraction, or partial pressure for a selected species. 
Lock in kinetic expression box 360 can be checked by a user. 
The concentration of the selected species may be automati 
cally replaced with a constant value specified by the user 
everywhere in the reaction rate expressions. The selected 
species, which is checked using lock in kinetic expression 
box 360, may also be omitted as an unknown in the model, 
since its value may be set to a constant manually by a user. 
The possibility to manually define an activity, partial pres 
Sure, or concentration that automatically replaces relevant 
unknown variables everywhere in rate expressions is novel 
and advantageous. 

0054 The concentration of the locked species does not 
need to be dominating. Instead, if a certain concentration or 
activity of a species is known, the concentration of the 
locked species can be used to investigate a system. The 
possibility to activate or deactivate the locking of a species 
concentration (or activity) is very advantageous. 
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0055 Referring to FIG. 6, the species page 320 is shown 
in greater detail. The species page 320, also referred to as 
species list 320, includes a species tab 410, a species 
selection 420, an active species checkbox 430, a new species 
button 440, and a delete species button 450. Species tab 410 
is clicked by a user to select species page 320, although the 
species page 320 can include other types and numbers of 
elements in other configurations. A species may be deacti 
vated by unchecking active species checkbox 430 using a 
mouse, and the present invention provides for automatic 
activation and deactivation of species. The deactivated spe 
cies and the reactions that involve the deactivated species 
are then removed from the model of the system of reacting 
species. 

0056. The deactivation of a species, implying the 
removal of the mass balance of that species and its contri 
bution to the energy balance in the system, is a common 
assumption when modeling a reacting system. It is common 
that a scientist or an engineer wants to theoretically study a 
system with and without the presence of a certain species. 
The possibility to deactivate and activate a species just by 
checking or un-checking a checkbox is novel and advanta 
geous over methods currently known in the art, which 
typically require a Substantial re-defining of the system for 
Such an assumption. 

0057 The present invention also provides for the manual 
deactivation of a species by a user by unchecking active 
species checkbox 430. The deactivated species and associ 
ated reactions where the species is involved are then elimi 
nated from the model. Another feature of the present inven 
tion is that elimination of species can be done automatically 
by pruning. To do this, a relative value of the concentration 
of a species is estimated and species having a concentration 
lower than a specific threshold are automatically eliminated. 
A user can also manually change the threshold value used in 
the pruning process. The ability to automatically prune a set 
of reactions using a threshold, which can be set by the user, 
gives the user more control and makes the system more 
efficient. 

0.058 Box 77, which is shown with dotted lines, repre 
sents the fact that reaction list 75 and species list 76 are 
interconnected, meaning that a change in either of reaction 
list 75 and species list 76 influences the other and the system 
50 will adjust accordingly. Box 77 also represents that 
"parsing on the fly' is enabled, which implies that a change 
in an edit field for reaction list 75 or species list 76, for 
example, by editing step 78, is directly parsed. 

0059. In step 81, a reaction rate expression is automati 
cally generated for each of the input formula by system 50. 
The generated reaction rate expression for the formula in 
field 110 is illustrated in reaction rate field 130 as shown in 
FIG. 3. The reaction rate expression may be generated, for 
example, using the mass action law and the Arrhenius 
equation by system 50. Reaction rate field 130 can also 
receive modifications of the reaction type from a user 
selecting or adjusting the reaction type using the reaction 
type list box 150 to adjust between reversible, irreversible, 
or equilibrium reactions, although other types could be 
selected. If a selection or adjustment is made using box 150 
then an automatic change of the reaction delimiter symbol 
“=>' for irreversible, “z=>” for reversible, and “=” for 
equilibrium takes place in the system 50. If this occurs, the 
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reaction rate expression in reaction rate field 130 is auto 
matically modified accordingly by the system 50. 

0060 Referring back to FIG. 2, in step 82 the operator 
has selected a thermodynamic properties tab 510 which 
causes the system 50 to display a graphical user interface 
500 as shown in FIG. 7 in the display system 54. The values 
on low temperature polynomial coefficient edit field 520, 
high temperature polynomial coefficient edit field 530, lower 
temperature limit edit field 540, midpoint temperature edit 
field 550, and upper temperature edit field 560 may be 
selected and edited as needed in graphical user interface 500, 
although graphical user interface 500 can include other types 
and numbers of elements in other configurations. The 
expressions for heat capacity may be automatically com 
piled and displayed in heat capacity field 570. Similarly, 
molar entropy may be displayed in molar entropy field 580, 
and molar enthalpy may be displayed in molar enthalpy field 
590. 

0061 The ability to automatically generate the expres 
sions for thermodynamic properties associated with a spe 
cies by manual input of polynomial coefficients, expressions 
generated in an editable form, is very advantageous. The 
field for the polynomials for the thermodynamic properties 
is effective as both a displaying field and an editing field. 
0062. In step 80, the operator has selected a transport 
property tab 610 which causes the system 50 to display a 
graphical user interface 600 as shown in FIG. 8 in the 
display system 54. A potential characteristic length in char 
acteristic length field 620, a potential energy minimum in 
potential energy minimum field 630, and a dipole moment 
for the selected species in dipole moment field 640 can be 
specified in graphical user interface 600, although other 
types and numbers of elements in other configurations can 
be used. In addition, the expressions for molecular diffusiv 
ity, thermal conductivity and Viscosity may be automatically 
compiled and displayed in diffusivity field 650, viscosity 
edit field 660, and thermal conductivity edit field 670, 
respectively. 

0063 Thus, the present invention enables the input of 
potential characteristic length and potential energy mini 
mum in a graphical user interface, and automatically com 
putes transport properties using Leonard-Jones potential 
parameters and Stockmayer potential, in an editable form, 
which is very advantageous. A number of selectable theories 
for gases and liquids are also supplied in order to calculate 
transport properties. 

0064. Accordingly, in steps 80-82 transport properties, 
rate expressions, and thermodynamic properties are calcu 
lated for each of reaction list 75 and species list 76, as 
appropriate. As with box 77 described above, box 79 rep 
resents the fact that rate expression, thermodynamic prop 
erties, and transport properties in steps 80-82 are intercon 
nected, meaning that a change in any of rate expressions, 
thermodynamic properties, or transport properties in steps 
80-82 influences the others, and that "parsing on the fly” is 
enabled, which implies that a change in an edit field for rate 
expressions, thermodynamic properties, and transport prop 
erties, for example, by editing step 78, is parsed directly. 
0065. In step 83, using rate expressions, thermodynamic 
properties and transport properties, model equations for 
simulating the system and for representing mass (material) 
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balances, energy balances, and momentum balances are 
generated by model generating system 53. The resulting 
equations may be exported at step 84 to a partial differential 
equations (PDE) solver or to an ordinary differential equa 
tions (ODE) solver. The solution of the ODE system shown 
at step 85 may then be pruned to yield a modified reaction 
list 75 and species list 76, or may be displayed as a 
visualization in step 87 of model results. 
0066. A typical model of a reacting system includes, for 
example, a description given by the chemical reaction for 
mulas, the chemical and transport properties of the reactions 
and species, and a set of model equations. The model 
equations include, for example, the mass (material), energy, 
and momentum balances in a reacting system. The reaction 
rate expressions (also referred to as reaction kinetic expres 
sions) are included as sources or sinks in the mass (material) 
and energy balances. The user may specify the reaction 
formula. The reaction rate expressions and the mass and 
energy balances may then be defined, and the data that will 
be needed in the model equations may be identified. This 
may be dependent on modeling assumptions made by a user. 

0067 Referring to FIG. 9, a model parameter dialog box 
700 which appears in display system 54 is illustrated. Using 
box 700, the mixture type 710, the solvent, and various 
quantities, including temperature and the gas constant, may 
be selected and/or specified. The selections result in auto 
matic changes to the display of graphical user interface 600 
to reflect the changes, and the expressions that it displays for 
transport properties in diffusivity field 650, thermal conduc 
tivity field 660 and viscosity field 670. The ability to select 
different theoretical expressions for transport properties for 
both gases and liquids in a graphical user interface, in an 
editable form, is very advantageous. 

0068 Referring to FIG. 10, an export model dialog box 
800 which appears in display system 54 and can be utilized 
to export a model to a program that solves systems of partial 
differential equations or ordinary differential equations is 
illustrated. For example, the formulation of the material and 
energy balances, including reaction kinetics, thermody 
namic, and transport properties, may be exported and for 
mulated as a system of partial differential equations. The 
mass balances or energy balances may be exported sepa 
rately or together, depending on whether material balance 
checkbox 810 and energy balance checkbox 820 are 
selected. The partial differential equations are then automati 
cally formulated in the recipient partial differential equation 
Solver. The system of partial differential equations may also 
be exported to a specific geometry, defined in the program 
for solution of partial differential equations, using geometry 
selection list 830. The system of partial differential equa 
tions may also be exported to a specific Subdomain, defined 
in the program that solves partial differential equations, 
using domain level list 840. The possibility to manipulate 
the export function and to export interactively in a graphical 
user interface to a program that solves systems of partial 
differential equations is novel and very advantageous. 

0069. Thus, the present invention provides an automatic 
method that parses reaction formulas directly typed in to a 
graphical user interface instead of having to specify these 
formulas in a data file, of which format can be difficult to 
penetrate. In addition, the present invention provides an 
automatic technique for generating the reaction rate expres 
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Sion, associated with each reaction in a set of reaction 
formulas, instead of having to specify this in a data file. 
Moreover, the present invention provides that different 
assumptions about each reaction may be defined in this 
automatic technique in a graphical user interface and 
directly display the result of Such assumptions instead of 
having to specify these assumptions in a data file. The 
present invention further provides automatic elimination of 
reactions in a reaction list using pruning in a graphical user 
interface instead of having to use a manual pruning proce 
dure in a data file. Furthermore, the present invention 
provides a system and method to display the automatically 
generated reaction rate expressions in a graphical user 
interface and make these expressions editable instead of 
having to edit data files. 

0070. In addition, the present invention provides auto 
matic generation of a list of species from a set of reaction 
formulas and to use this list to attribute thermodynamic and 
transport properties to each species. This may be done by 
allowing the user to type temperature dependence of the heat 
capacity in a graphical interface, instead of getting this by 
loading a data file. Additionally, the present invention pro 
vides that the user can define the molecular properties in a 
graphical user interface, instead of loading it from a data file, 
to determine the transport properties of a mixture. Moreover, 
the present invention provides automatic generation of an 
output file based on the reaction rate expressions and trans 
port properties, which describe the material and energy 
balances required in a numerical solver of differential equa 
tions. 

0071. Thus, the present invention further provides a 
system and method for creating a model for simulating 
systems of reacting species that allows a user to input a 
problem by typing a set of reaction formulas directly in to a 
graphical user interface. In addition, the present invention 
provides a method that automatically computes the reaction 
rate expression for each reaction in a reaction list, by parsing 
the reaction formulas typed by a user directly in to a 
graphical user interface, wherein the reaction rate expres 
sions may be generated automatically using the mass action 
law to describe the reaction rate dependence on species 
concentration. Similarly, the present invention provides a 
method for computing the reaction rate expression account 
ing for assumptions regarding reversible, irreversible, and 
equilibrium reactions, which are used to redefine the previ 
ously defined mass action law expressions. The method may 
use automatic elimination of the equilibrium reaction terms 
in species balances replacing the eliminated species balances 
with an equilibrium expression. 

0072. In addition, the present invention provides a 
method for automatic elimination of reactions in a reaction 
list using a pruning technique. The species and species 
balances that are considered unimportant, using the relative 
concentration and relative reaction rates as measure, may be 
removed from the list of species balances and the reaction 
expressions for the involved species may be removed in the 
remaining species balances. The measure and threshold for 
pruning may use criteria Supplied by a user in a graphical 
user interface. 

0073. The present invention also provides a method that 
includes the representation of the reaction rate expression in 
an editable form, in a graphical user interface, so that the 
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generation of the reacting species balances is customized to 
the user's particular needs. The user can then directly change 
the rate expression by editing directly in a graphical user 
interface. 

0074 Furthermore, the present invention provides a 
method to obtain thermodynamic data for the involved 
reactions and species through a graphical user interface. This 
can be achieved by defining the temperature dependence of 
the heat capacity of a species by typing it directly into a 
graphical user interface. The temperature dependence of the 
free energy, enthalpy, and entropy may then be automatically 
calculated. 

0075 Moreover, the present invention provides a method 
to obtain transport data for the involved species and mix 
tures through a graphical user interface. This can be 
achieved by providing physical constants for dipole 
moment, Leonard-Jones potential parameters, reference vis 
cosity, reference temperature, and molar volume directly in 
to a graphical user interface. The molecular diffusivity, 
thermal conductivity, and Viscosity and their temperature 
dependence may then be automatically calculated. 
0.076 Also, the present invention provides that a model 
for simulating systems of reacting species may be exported, 
directly via a graphical user interface, to a program that 
Solves systems of differential equations. 
0077. Having thus described the basic concept of the 
invention, it will be rather apparent to those skilled in the art 
that the foregoing detailed disclosure is intended to be 
presented by way of example only, and is not limiting. 
Various alterations, improvements, and modifications will 
occur and are intended to those skilled in the art, though not 
expressly stated herein. These alterations, improvements, 
and modifications are intended to be suggested hereby, and 
are within the spirit and scope of the invention. 

What is claimed is: 
1. A method for generating a model for simulating sys 

tems of reacting species comprising: 
receiving a plurality of reaction formulas; 
determining a reaction rate expression for each of the 

received reaction formulas; and 
generating a model for simulating systems of reacting 

species using the received reaction formulas and the 
determined reaction rate expressions. 

2. The method of claim 1, wherein at least one of the 
reaction formulas is received via a graphical user interface. 

3. The method of claim 1, wherein the generated model is 
displayed on a graphical user interface. 

4. The method of claim 1, wherein the determined reac 
tion rate expression is modified via a graphical user inter 
face. 

5. The method of claim 1, further comprising generating 
a reaction list of at least one reaction for at least one of the 
received reaction formulas. 

6. The method of claim 5, further comprising displaying 
the generated reaction list in a graphical user interface. 

7. The method of claim 5, further comprising eliminating 
at least one reaction rate expression associated with one or 
more reactions in the reaction list at equilibrium. 

8. The method of claim 7, wherein the elimination is 
based on one or more threshold criteria. 
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9. The method of claim 5, further comprising determining 
at least one thermodynamic property of each reaction in the 
reaction list. 

10. The method of claim 5, further comprising determin 
ing at least one kinetic property of each reaction in the 
reaction list. 

11. The method of claim 1, further comprising pruning the 
reaction list to deactivate one or more reactions in the 
reaction list based on one or more criteria. 

12. The method of claim 11, wherein a user modifies the 
one or more criteria via a graphical user interface. 

13. The method of claim 1, further comprising generating 
a species list based on the received reaction formulas. 

14. The method of claim 13, further comprising display 
ing the species list in a graphical user interface. 

15. The method of claim 13, further comprising deter 
mining at least one thermodynamic property for each species 
in the species list. 

16. The method of claim 13, further comprising deter 
mining at least one transport property for each species in the 
species list. 

17. The method of claim 14, further comprising eliminat 
ing at least one time dependent term for at least one species 
at steady-state. 

18. The method of claim 14, further comprising eliminat 
ing at least one concentration for at least one species at 
constant concentration. 

19. The method of claim 1, further comprising displaying 
an output based on the generated model, wherein the output 
displays the composition and temperature dependence of the 
system of reacting species. 

20. The method of claim 1, further comprising generating 
material and energy balances for the reacting species as 
input to a solver of partial differential equations. 

21. A system for generating a model for simulating 
systems of reacting species comprising: 

a receiving system that receives a plurality of reaction 
formulas: 

a reaction rate determination system that determines a 
reaction rate expression for each of the received reac 
tion formulas; and 

a model generating system that generates a model for 
simulating systems of reacting species using the 
received reaction formulas and the determined reaction 
rate expressions. 

22. The system of claim 21, wherein at least one of the 
reaction formulas is received via a graphical user interface. 

23. The system of claim 21, further comprising a display 
system that displays the generated model on a graphical user 
interface. 

24. The system of claim 21, wherein the determined 
reaction rate expression is modified via a graphical user 
interface. 

25. The system of claim 21, further comprising a reaction 
list generating system that generates a reaction list of at least 
one reaction for at least one of the received reaction formu 
las. 

26. The system of claim 25, further comprising a display 
system that displays the generated reaction list in a graphical 
user interface. 
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27. The system of claim 25, further comprising an elimi 
nation system that eliminates at least one reaction rate 
expression associated with one or more reactions in the 
reaction list at equilibrium. 

28. The system of claim 27, wherein the elimination is 
based on one or more threshold criteria. 

29. The system of claim 25, further comprising a reaction 
property determination system that determines at least one 
thermodynamic property of each reaction in the reaction list. 

30. The system of claim 25, further comprising a reaction 
property determination system that determines at least one 
kinetic property of each reaction in the reaction list. 

31. The system of claim 21, further comprising a pruning 
system that prunes the reaction list to deactivate one or more 
reactions in the reaction list based on one or more criteria. 

32. The system of claim 31, wherein a user modifies the 
one or more criteria via a graphical user interface. 

33. The system of claim 21, further comprising a species 
list generating system that generates a species list based on 
the received reaction formulas. 

34. The system of claim 33, further comprising a display 
system that displays the species list in a graphical user 
interface. 

35. The system of claim 33, further comprising a species 
property determination system that determines at least one 
thermodynamic property for each species in the species list. 

36. The system of claim 33, further comprising a species 
property determination system that determines at least one 
transport property for each species in the species list. 

37. The system of claim 34, further comprising an elimi 
nation system that eliminates at least one time dependent 
term for at least one species at steady-state. 

38. The system of claim 34, further comprising an elimi 
nation system that eliminates at least one concentration for 
at least one species at constant concentration. 

39. The system of claim 21, further comprising a display 
system that displays an output based on the generated model, 
wherein the output displays the composition and tempera 
ture dependence of the system of reacting species. 

40. The system of claim 21, further comprising a material 
and energy balances generating system that generates mate 
rial and energy balances for the reacting species as input to 
a solver of partial differential equations. 

41. A computer readable medium having instructions 
stored thereon for generating a model for simulating systems 
of reacting species, which when executed by a processor, 
cause the processor to carry out: 

receiving a plurality of reaction formulas; 
determining a reaction rate expression for each of the 

received reaction formulas; and 
generating a model for simulating systems of reacting 

species using the received reaction formulas and the 
determined reaction rate expressions. 

42. The computer readable medium of claim 41, further 
comprising instructions for receiving at least one of the 
reaction formulas via a graphical user interface. 

43. The computer readable medium of claim 41, further 
comprising displaying the generated model on a graphical 
user interface. 
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44. The computer readable medium of claim 41, further 
comprising instructions for enabling the determined reaction 
rate expression to be modified via a graphical user interface. 

45. The computer readable medium of claim 41, further 
comprising instructions for generating a reaction list of at 
least one reaction for at least one of the received reaction 
formulas. 

46. The computer readable medium of claim 45, further 
comprising instructions for displaying the generated reac 
tion list in a graphical user interface. 

47. The computer readable medium of claim 45, further 
comprising instructions for eliminating at least one reaction 
rate expression associated with one or more reactions in the 
reaction list at equilibrium. 

48. The computer readable medium of claim 47, wherein 
the elimination is based on one or more threshold criteria. 

49. The computer readable medium of claim 45, further 
comprising instructions for determining at least one ther 
modynamic property of each reaction in the reaction list. 

50. The computer readable medium of claim 45, further 
comprising instructions for determining at least one kinetic 
property of each reaction in the reaction list. 

51. The computer readable medium of claim 41, further 
comprising instructions for pruning the reaction list to 
deactivate one or more reactions in the reaction list based on 
one or more criteria. 

52. The computer readable medium of claim 51, further 
comprising instructions for allowing a user to modify the 
one or more criteria via a graphical user interface. 

53. The computer readable medium of claim 41, further 
comprising instructions for generating a species list based on 
the received reaction formulas. 

54. The computer readable medium of claim 53, further 
comprising instructions for displaying the species list in a 
graphical user interface. 

55. The computer readable medium of claim 53, further 
comprising instructions for determining at least one ther 
modynamic property for each species in the species list. 

56. The computer readable medium of claim 53, further 
comprising determining at least one transport property for 
each species in the species list. 

57. The computer readable medium of claim 54, further 
comprising instructions for eliminating at least one time 
dependent term for at least one species at steady-state. 

58. The computer readable medium of claim 54, further 
comprising instructions for eliminating at least one concen 
tration for at least one species at constant concentration. 

59. The computer readable medium of claim 41, further 
comprising instructions for displaying an output based on 
the generated model, wherein the output displays the com 
position and temperature dependence of the system of 
reacting species. 

60. The computer readable medium of claim 41, further 
comprising instructions for generating material and energy 
balances for the reacting species as input to a solver of 
partial differential equations. 


